ABSTRACT: Fiberglass batt insulations intended for use in buildings are labeled with an R-value and a thickness at which the R-value is achieved. In some cases the insulation is installed in such a way that the label thickness is not achieved. The material R-value of fiberglass batts installed at less than full thickness will be less than the full-thickness R -value.
Fiberglass batts manufactured by three companies were tested. Test specimens were taken from batts purchased at retail outlets or randomly selected from an insulation contractor's storage. Table 2 contains identifications that will be used to discuss the thermal test data. Three specimens of each of the first five products shown in Table 2 were tested. In the case of the test product F in Table 2 two specimens were cut and split into two sections of approximately 1/2 the full thickness of the batt. The batts were conditioned in the laboratory several days before testing. Weights and dimensions were obtained in order to determine the density at label thickness, and the initial density data are recorded in Table 3 .
Thermal resistances were measured using apparatuses at Tennessee Technological University (TTU) and the Oak Ridge National Laboratory (ORNL) built to conform to the requirements of ASTM C 518 [2] . The specimens labeled (ORNL) in Table 3 were tested at Oak Ridge. All of the specimens were tested at TTU. The heat-flow meter apparatus in operation at TTU is an R-Matic built by Dynatech Corp. in Cambridge, MA. It was calibrated using three 24 in X 24 in X 1 in specimens of NIST SRM 1450b [3] . The three boards provided calibration coefficients at 1.0, 2.0 and 3.0 inches of thickness and a mean specimen temperature of 75°F. The heat-flow meter apparatus in operation at ORNL is an advanced R-Matic built by Holometrix, Inc. (formerly Dynatech) and was calibrated using NIST SRM 1451 [4] to provide calibration coefficients at 1.0, 3.0 and 6.0 inches of specimen thickness. The two R-Matics used in this study were calibrated with different SRMs.
Agreement between TTU and ORNL measurements, however, was quite good and no systematic differences were noted. The use of SRM 1450b represents a deviation from ASTM C 518. Insulation densities tabulated in this The parameters in Table 4 were used to calculate R/Ro using Equation (3).
The results are shown in Table 5 for TIT. from 1.0 to 0.5. The correlations were also used to calculate the R-value at the label thickness, Ro. The measured Ro and the label value, Ro (label), are shown in the table.
The RIR,, in Table 6 .
The entries in Table 6 show that Equation (5) describes the smoothed R/Ro in Table 5 to better than 3.50% for all six products compressed to as much as 50% of label thickness. In four of the six cases, the description is better than 2%. The average deviations between test data and Equation (1) were less than 2% in all 6 cases. The maximum uncertainty in RIR, calculated with Equation (5) for 0.5 < F < 1.0 and 0.45 < Do < 1.54 is 5 to 6%. Figure 7 shows R/Ro as a function of T/To for the six insulation products that were tested. This figure is a graphical representation of the R/Ro given in Table 5 . Equation (5) 
CONCLUSIONS
Thermal measurements show that the thermal resistance of six commercially available fiberglass batts decreases as the batts are compressed. The measured R-values at the label thickness agreed with the label R-values to within the experimental uncertainty of the thermal measurements. The measured R-values at label thickness exceeded the label R-value in four of six cases while the measured R-value at label thickness was 2% below the label R-value in one case. The decrease in R-value with compression was greatest for the highest density product and least for the lowest density product. Equation (5) describes the R/Ro values calculated from the thermal data to better than 3.5 % over the range of thicknesses and densities studied.
A correlation for the ratio RIR,, in terms of T/To and Do describes the data set to better than 6% for 0.5 < T/To < 1.0 and 0.45 < Do < 1.54 when both experimental uncertainty and data smoothing are taken into account.
The measurements reported in this paper show that material R-values shown on the insulation product labels are achieved if the insulation is installed at the thickness stated on the label. Installations that result in batt thicknesses less than the label thickness can have substantially lower material FIGURE 7. The thermal resistance ratio (R/Ro) as a function of the fraction of label thickness (T'~'~) FIGURE 8. The thermal resistance ratio calculated at Do = 0 4, 0 8, 1 2 and 1 6 lb/ft' using Equation (5) R-values. Compression of the insulation specimens to 90% of full thickness reduced the R-values by 5.6 to 9.4%. Compression to 50% of full thickness reduced the R-values by as much as 45 % with the high-density products exhibiting the greatest reductions.
